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Waldschmidt-Leitz  (1)  has  described a method of purification  of 
kinase which consists essentially in drying swine duodenal mucosae 
with  acetone  and  ether,  extracting  the  dried  mucosae  with  dilute 
ammonium hydroxide, and removing foreign protein from the aqueous 
extract by means of dilute acetic acid.  The solution can be further 
purified  by  precipitation  with  alcohol,  tannic  acid,  and  finally  by 
fractional adsorption on A1 (OH)3 and kaolin.  By this method Wald- 
schmidt-Leitz obtained a preparation which was about 100 times more 
active per unit dry weight than the acetone dried mucosa. 
This paper describes a  simplified method of purification of entero- 
ldnase  whereby preparations  of enterokinase 5,000-50,000  times  as 
active as the acetone dried mucosa can be readily obtained. 
The fluid contents of duodena of swine were found to be the most 
convenient  source  for  enterokinase.  The  purification  consisted 
principally in pH  adjustment and fractional precipitation with am- 
monium sulfate.  The contents of duodena of a large number of fresMy 
killed swine were collected in the slaughter house and stored at about 
-10°C.  The material was  afterwards worked up  gradually in  the 
laboratory.  It has been found that storage of the material frozen as 
long as a month did not affect its quality as a source of enterokinase. 
The details of the process for purification and concentration of the 
enterokinase are as follows: 
1.  2.5 liters of duodenal contents are diluted with 7.5 liters of tap 
water and warmed to 20°C. 
2.  50 gm. of "Hyflo Super-Cel  ''1 are mixed with every liter of mix- 
1 Manufactured by Johns-Manville Corporation, 22 East 40th Street, New York 
City. 
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ture and the whole mass filtered with suction through filter cloth in 
a  15 inch Buchner funnel.  First extract. 
3.  Residue is resuspended in  3  liters of tap  water and  refiltered 
through cloth. 
4.  Combined extracts are cooled to 5°C. 
5.  pH of extracts is adjusted with 5 N sulfuric acid to about 4.0 
(tested  with  methyl  orange).  The  precipitate  formed  is  filtered 
rapidly with suction with the aid of 20 gm. of "Standard Super-Cel" 
per liter of solution. 
6.  Filtrate  is  brought  immediately to  pH  8.0  with  5  N sodium 
hydroxide. 
TABLE  I 
Enterokinase from 2.5 Liters of Duodenal Contents 
First extract ................... 
Washings ...................... 
Total ......................... 
pH 4.0 filtrate ................. 
Filtrate  from  0.4  saturated  am- 
monium sulfate .............. 
Acetone dried pig mucosa  ....... 
Total en- 
teroklnas~ 
units 
[E.K,U.] 
194,000 
69,000 
263,000 
200,000 
163,000 
Per cent 
62 
~.K.U.] per 
ms. pro- 
tein mtro- 
gen 
100 
124 
275 
76O 
[E.K.U.]  per 
rag. caxbo- 
hydrate 
16 
20 
19 
675 
[E.K.U.]  per 
rag. dry 
weight 
40 
0.01 
7.  Solid  ammonium sulfate is  added to  bring  the  filtrate to  0.8 
saturation.  The pH of the solution is again adjusted to pH 8.0 with 
5 N sodium hydroxide.  4.0 ml. of 0.4 ~ pH 9.0 borate buffer is then 
added to every liter of solution.  The formed flocculent precipitate is 
allowed to rise to the surface and is then easily collected into a dough- 
like  mass  and  removed from  the  solution.  Weight  of  precipitate 
about 20 gm. 
8.  The precipitate is dissolved in about 5  volumes of cold water 
and  solid  ammonium sulfate  is  added to  0.4  saturation.  Filtered 
with suction with the aid of 5 per cent "Standard Super-Cel."  Resi- 
due rejected. 
9.  Filtrate from 0.4 saturated ammonium sulfate is brought to 0.8 
saturation with  solid  ammonium sulfate  and  filtered with  suction. 
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10.  Steps 8 and 9 repeated. 
The degree of purity of the products obtained in the various steps 
as well as the yields are given in Table I. 
Table I  shows that one fracfionation with ammonium sulfate raises 
the kinase activity of the material by 200 per cent with respect to 
protein and by 3,000 per cent with respect to carbohydrate. 
The kinase  content per milligram dry weight of the  material  is 
about 4,000 times as great as that of acetone dried duodenal mucosa. 
The material can be further purified by dialysis and by repeated 
fractionation with ammonium sulfate  as well as  by  fractional pre- 
cipitation in cold 60 per cent alcohol or cold 2.5 per cent trichloracetic 
acid.  It was found, however, that the material obtained after the first 
fractionation with saturated ammonium sulfate was free of any im- 
purities likely to interfere with its use as an activator of trypsinogen. 
TABLE  II 
A p~oximate Composition of Purified Enlerokinas¢ 
Carbon ..................................................... 
Total nitrogen .............................................. 
Protein precipitable in 2.5 per cent trichloracetic acid ........... 
Carbohydrate ............................................... 
Glucosamine  ............................................... 
Per cent 
45 
12 
10 or less 
10  "  " 
10  "  " 
The filter cake from 0.8 saturated ammonium sulfate  is completely 
soluble in water and thus a solution of any desired strength is readily 
available. 
An approximate analysis of the material twice refractionated with 
ammonium sulfate and then dialyzed is given in Table II.  The rela- 
tive content of protein, carbohydrate, and glucosamine varied con- 
siderably in different preparations and no definite conclusion can be 
drawn as yet as to the actual chemical nature of enterokinase. 
Methods 
1.  Estimation  of En~erokinase Activity.--The concentration of enterokinase is 
expressed in terms of enterokinase units [E.K.U.] per ml.  One [E.K.U.] is equiva- 
lent approximately  to the activity contained in about  100 rag.  of acetone dried 
pigs'  duodenal  mucosa.  The  details of  procedure  of  estimation,  as  well as  the 
definition of the enterokinase unit used are described in the preceding paper (2). 450  PURIFICATION  AND  CONCENTRATION  OF ENTEROKINASE 
2.  Protein Nitrogen.--The  protein nitrogen was determined by the turbidity 
method (3). 
3.  Total  Carbohydrate.--Total  carbohydrate was  determined colorimetrically 
by the orcinol  method of SCrensen and I-Iaugaard (4) and expressed in terms of 
milligrams of sucrose. 
4.  Glucosamine.--Adaptation  of the eolorimetric method of Elson and Morgan 
(5).  The procedure adopted for measuring the glucosamine  content of the mate- 
rial used here is as follows:  1 ml. sample is mixed in a Pyrex 12  ×  1.5 era. tube, 
marked to 10 nil., with 1 ml. 2 ~ hydrochloric acid and heated for 1 hour at 100°C. 
in a  steam bath under a  reflux  condenser  about  25  era.  long  and  6  ram.  in 
diameter.  2  The solution is cooled, then the following reagents are added:  1 drop 
0.1 per cent phenolphthalein, 1.0 nil.  2 x~ sodium hydroxide, a few drops of M/1 
sodium carbonate to pink color,  1.0  ml. of freshly prepared solution of acetyl 
acetone (0.2 ml. in 10 ml. x¢/1 sodium carbonate).  The mixture is reheated for 15 
minutes at 100°C. under the reflux  condenser, then cooled:  4.0 ml. 95 per cent 
alcohol is added and mixed.  1.0 nil.  of Ehrlich's reagent  (0.8  gin.  p-dimethyl- 
aminobenzaldehyde in 30 ml. 95 per cent alcohol plus 30 ml. concentrated hy- 
drochloric acid), and then alcohol to the 10 ml. mark are added.  The solution is 
carefully but  thoroughly  mixed and filtered  through 9 era.  Whatman's  No. 42 
filter paper in order  to remove COs bubbles as well  as  any turbidity from the 
liquid.  The color of  the  solution is compared after 15 minutes with that of a 
standard glucosamine hydrochloride solution treated in the same manner. 
The writer was assisted in this work by Margaret R. McDonald and 
Vivian Kaufman. 
SUMMARY 
A  concentrated  solution  of  purified  enterokinase  is  conveniently 
prepared from the fluid contents  of pigs' duodena by means of frac- 
tional  precipitation  with  ammonium  sulfate  under  the  proper  pH 
conditions. 
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Digestion  in ~/i hydrochloric  acid  longer  than I hour does not increase  the 
value of the glucosamine readings  in the case  of this  material. Other materials 
have to be digested  longer  or in  more concentrated  hydrochloric  acid  as found by 
Palmer, Smyth, and Meyer (6) and also  by SCrensen (7). 